
VARIOUS DISK SUBsSg^ ^^gs 

" BACKGROUND OF THE INVENTION 
!. Field of (he Invention 

wSi^'^Sd? " n optica,disc 

density similar t0 |h ,K * d,s - hav '"g « record- 
pact disc) Ld „ op 'cil d ^ hav ° :r r l '° na i CD (C ° m - 

2- Description of the Prior Art 

torrned bv a conve-— w v. ; ILKC 15 P«*- 

cordableop.ici disc'To ^ ,he CaSe of * «• 

optical disc ? Us ne^IaTto r 3 r^'' 5 d " Sity ° rth = 
of the converg-d ° ! Sp0t dia ™^-' D 

-unong the Jpot d ia ~ e e - D , f °" OWin 3 fcii:i °" 
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b - v ^rrh C \- s ^s : v^' A - 

can r>t execute* n5 ' 1 / recorcing 

of the disc caLdTtiiUnl- ! ndin3ti ^ =~or 

aberration i,c ^ ^.'f^ * «™ 

among a wav- 7^,,' 1 " efe . ,s « h « following relation 
«gle a and Va wh aM ^ a " 0n W < of coma, a tik 

high densicv record n«T.f f 0pt,Cai diiC fcr the 

«... .h« co».«, lionil op <rii di^,-;;,^';^ 



«nven£«l f fe ? roduc ^ » that a great amount of 

far , T k hC ° Pt ' CaJ hcad which h " °«« Signed 
I f, f™ K Ub " rate Cann0t * ^ for » optical difc of 
a thek substrate. TT,e reasons will now be described 

|*sn designed so as to set off a spherical aberration 
which occurs when ihe converged beam passesln £ 
d.sc substrate. Since such an aberration is cor^: " d in 
accordance w It |, the thickness of the di.se substrate the 
aberration correction is not accurately performed or 
the converged bean, which passes through the d£= 
substrate ha v,„g a Mckjlcss „;„ from the doiS 
value. Tne above point will BO w be « P laioed Tifh 
reference to the drawing. FIGS. ISA and 18B Je sSe 
matic side e'evationaj views for explaining a situation^ 
he occurrence of the aberration due to the S sub- 
strates havmg different thicc-.cs.vs. FIG ISA Ls a 

been designed for a thin disc substrate and shows traces 
ofl.ghtt m a state in which a beam has been cVveS 

Srs. 0 issS! J;™! ° r t U8hts 

point 0 on the record la^urfacTFicT <° ™ 
S r Sile h ;rt, 0fUSinS " ° bjeCtiVe ,e " w hich has 

the Sell h« J '* IraC " ° f ii3hti " a sa: = in 

the beam has been converged through the disc substrate 

having a thickness which is thick- than J 

value. In FIG. 18B . the lights e^d S^he 

. ve.^ed tc a pomt O" on the recording laver surface 

^°TT T - ! he f lisht ,0C3ti "S near the optica/ 4Tc"l 

ISOSE Side " SUCh 3 P h "™«°" is ca ll ed a 
sphencaJ aberrant. Whenever ,h„ r.r,n -..—.„•■,„. 

is u?ed hereinafter it «,„. an5 sohericnl aberration 

.. . , Whcn su =lJ » aberration occurs, 

the objective ! eas cannot converge the light bcara un-ii 
wnat ,s caJIed a diffraction lircit. Therefore, in the c^e 
of using the objective | eas whose abcrTation bu ^ 
corrected for a thin disc substrate, an information signal 
cannot be recorded, reproduced, or erased onto/from 
«r. opt.caj disc having a thick disc substrate. Similarly 
m the case of using the objecti ve J en5 whcse .berration 
has been corrected for a thick disc substrate, an infer- 
mat.cn signal cannot be recorded, reproduced, or 
erased onto/from an optical disc having a thin disc 
suosirate. 

SUMMARY OF THE INVENTION 
In consideration of the above drawbacks, it is an 
object of the inveation to prov-de-an optical disc appa- 
ratus which can record, reproduce, or erase Wonnarion 
signals onto/from a plurality of optical discs in which 
thicknesses of disc substrates are different. 

To accomplish the above object, according to the 
jnveatien there is provided an optical disc apparatus 
for recording, reproducing, or erasing information si K . 
naJs onto/froa an optical disc by converging light 
flukes onto a recording layer through a trasspareat disc 
substrate, comprising: N converging means whose aber- 
rations have beco corrected for N (N g 2) disc substrates 
havwg different thicknesses. respec:ive!v : disc discrimj- 
natuig means for discriminating the :hick>-.=ss of the disc 
substrate of the optical disc which has beer, loaded and 
for generating a discrimination signal according to the 
result of the discrimination; and control means Tor se- 
lecting one of the converging means in urJc!, tne oc- 



smallest m accordance w„h , he discrimination signal 
BRIEF DESCRIPTION OF THE DRAWINGS 
.nM»;..i b * C °"? ,nic,ionaJ diagran, of an opiicaj disc 
ICE iC=0fdm8 ,0 of «£ 

FIG. 2 is a plan view showing an arrangement of a 

of thc opticaj di - -pp— «- s: ?,*: 

FW 5 y i^- ,e=:,Ve ,CnSCS ,he «"»»duneS 
no. 5 ts a Mnstruct.cnaJ diagram of an oDiical dis^ 

FIG. / u a constructional diagram of an optical disc 
i= according to the U*d emb^lnt^ 

^^tSAlSSS^ *«« " an 

FIGS. 9A and 9B are a detailed constructional d'a- 
gram of an optical head of in optical disc apparatus 

FIG fn'° f ° Unh e ^^< of the tavSfcT 
FIG 10 „ a cross sectional view showing optical 
dtscs whose substrate thicknesses are difTer-nt P «n 

ntus in the fifth embodiment; P p "" 

FIG. 12 is a schematic perspective view sh^win- 3 

ratus »cord,„ S to the ,,*„ embodiment cf the inver. 



FIG. 13 is a schematic perspective view showir- , 
venticc; se'-ih .rr.bcdiment ot the ir.- 

tne opLcai dtsc apparatus :n the seventh c-icciment- 

FIG 15 i, a birxk diagram snowies a const— 
J" opucal disc apparatus according to he ight' ° 
bodimcm of the invention; 6 

FIG. 16 is a schematic enlarg-d vszr-hvr 
bZ2"Z 3 =l" V --nc= grating ^ 
f£ tri "^"«r. a.,d a ponien in which™* 

SSodSTntf w,vss have ^ ronasd « tbi 

FIG. 17 is a characteristic diaera- f c - .u. 

Pnnaple of the tracking control i^he e^fctS* 
njent; and =-&nin e..K(j,. 

FIGS. HA ar.d 13B are schematic sid- e'-va---,-: 
v,ew S s how if . s occurnng situations of ^ 
to d«c substrates having different thickness 

DESCRIPTION Or THE PREFERRED • 
EMBODIMENT 
_ Embodiments of the invention wiil be desc- 1 -* W 
unbelcw on the assumption that thicknesses of dis- s'uv 
stm« are set to tu 0 kinds cf thicknesses 

FIG. 1 is a constructional diagram ofan opfcal disc 
•pparatus tn the first embodiment of thc i»v { SS 



numeral 1 de- 
hicknesses of disc 
cond optical discs 



not??*' 1 t0 3A Md 3B - r «"< 
note, a first or second opt icaJ disc 

n^a S 3 dcL^: Reference 
structed by a c8nver^p°^ ly ?'!! , L hM * .» «»- 

« beo* splirter; uc ^^(fc [b?^ t0dCt4CtOr: 
nents are not shown) Each ef)£- « »• ^P 0 * 
« i^naation sigi^fc de:^ 
tracking error sigaaj whic- f-L.L! ^ ud a 
optica] disc 1 on tLtbasb o"fX?„^ 3 r== ° rded 00 * e 

distribution of ih^J^Jut^ T l ! y or " "^"y 

•ted onto the optfcL- dSfl " ° ,Mer ^ Vi- 
rion signal ,o iSetiS 1 £o!l a, ? a ^ 0,od ««- 
corded onto or erased <vLlfc JOn SI >ai -is re- 

lating an in.ensitv TtC^tl ^ 1 ^ mod «- 

fc-.^. ..... . °' lJlc la ¥- l*«a. Both of the optica] 

:a=ov e optica] d-vicw and 
cr=iat:cn signal, a focusing 
:.-cr s-.gr.a] which are g»n- 

3 are expressed" bv s" F,T£?t ? = ° ?tiCal h " d 
signals which «rc'g-n-.ai^t, !, I SS? 5 caveJ 5'- Silail " 

the second optical d^ /Tr pn ° t0 ds: " tor of 

optica dISv . ? Mprassed by ^ ^ 

:=e numeral 4 d'e.-.oTes a 
» arranged below As opticaJ 
Sl ''P"" 1 bead 3 « the radial 
paraJIe: with the disc surface 

the optica] disc 1 so as :o face 
and eov« the second opticaJ 
iar t 0 tr.e firs: optica] head 3 
the second linear actor 6 is 
:r.sr outside of the outermost K - 
^ op,cai disc 1. Therefore, whTn 
the optica] h«d 5 bR^"^.?*™"*™ s *=. 
the optica] disc. R e £.,« nu U'.°^ low =^ce of 
Nation hole f orae T;: .t""™. e "* i ' ds =et« . discran- 



kini 



heads have bases tc held 
actuators. A reproduction 
error signal, and a t.-ae 
erated fron the photo de: 



Tj, respective; v. 
first linear motor whi< 
disc 1 and moves ;he 
direction of the disc h 
Reference numeraJ 6 
which is arranged b< 
the first linear mocc; 
bead 5 in a mannsr si, 
As shown in FIG J 
extended until the fu 
rip h erai portion of\, 
the second optica] hjfc 



ie surface of the 



canndge 2. 



Nation hole form. 

The cartridze irf ^u^- "".7 
bribed with rffel^^J^T"^ ^ " 0W * ^» 
crimination hole 77,6 dis " 

1 enclosed in/^ 
shown in FIG. 3A/ard ^Z*" u ^ ° FCCaj di ^c 
^ d c ^ » *h= "se whers it is the 
" scewn in FIG. 3B. Re*—— 2U 

„^' ai "f 5 . iWC °P^caJ beads, rw Q 



"Otes/ 



"^c^nd ODticaJ d 
csraJ 23 den 
appararus cf :h 
slide shutters i 
removed from 
tcrs are closed 
Reference ni 
(hersinaficr, ab 
so as to be ioca 



pre. 

opticaJ disc 



i; =he cartridges ^ 

-isc appararus. the sL : de shut- 



w.al 8 denotes a Ught eaittinz diwfe 
'related tc ar, LED) which is ™£J 

^ cartn'dge ^^fo^;";?" 
appararus of d e m b£"~r» r disc 
denotes a pnotl 6^^, ^'^^ 9 

d'«!e 9 genera/es a de---c- ,•-7,7^- == pnoto 

ler 22, which Lilt kl := 3 s >' s "= scmrol- 

• , ,ljcn r'" be e.Tc atned her- ; ^ht-- d..- 
nuraera] 10 dehotes a fi~. . 7" 7" R;: - rc "=e 



Jjcal head 5 „«, J J £ «J T: of the second' 

Reference numer^ lldencTeslT? t. CC ' ed ji * na,s - 
"hich rc«iv« lhc ,„S°J" a trackln * control circuit 

*"°ng the ou,pu S?ln h ° r ? Snal T - or T 2 fro™ 
^ctor 12, which S w;j U £ or dnv tng s , gna , to a 

^ . «fe renee 1BBB J £ denies n herd "'««. F»- 
'o select either M actuator of*,? ie ? ond 
« actuator of the second L, . 0p,lcai h «d 3 or 
to which the ^«3^SS5^.*«.«d«i-.ui 
P.iicd. Reference nurne-aJ iTj ™ S ''^f is , up . 

which receiv^'fhe fcJS 2 ^.'""S 
£ from amon g the ««" signal F, or 

first selector 10 «d gin* ra '£ g " Cr3led ff0(n 
dnvng signaJ (0 , «^ra e a f ^ ^ 

P'a-ned hereinlater. Furthl-"' L ' Wh ' Ch Wi " * «- 
not„ the third selector for%[5"~ num <" 1 " de- 
or the first optica] head 3 or the"' ^? ^ the 8c:uat °r 
optical head 5 „ . destLna ion tn 1. !0r ° f Ihe ^"d 
actuator driv ing signaJ L S u ° p i d *«■ »« 

15 denotes a linear motor control r,> 1"" nuaiefa ' 

"plained hereinJate- hv . J , ' Wa,ch W 'H be 
PK«* from the S v s ^ ton, Cr °,', ,, * M ' « sup! 

bribed hereinlater ReS^° Wfcich * de- 

founh selector to se£^ 1« denotes th- 

£= -cond linear 6^^^ — < 0r 

dnving signal supplied fror <h r U dss;:na "On of the 
c: '=>"t 15. Reference 7 % '"^ ffl0tor «"trel 
rol crcui, w/ lich receives Vc rr " Spi " d '' e c °"" 

«««n s.gn»l S, or S : and gC n e . '/f r0CU = !i °" '"lonna. 
fP-ndle tnotor 18. which "m ^ CCn . tr °' carr ™t to a 
R^erence numeral 1 de"' £ ,V P '^ "«ei„J a , er . 
"»!««* <he optica, disc 1 r"° " i he Sp,ndle «o«cr to 
^>pal prM « si ^ nurneral 19 denotes 

f«cn as demodulate and/o^r 5 S,gna ' pro «*« 

»P«t signal S,or S,, f or con -IT!!'" 3 0r the to the 
«• '"e like, or for oulpu Z^l V"? ^ aUQ ' io 
'===rdcd onto the op«icaTdi« I , " = V :CR Si ^ al : ° * 
«« 20. which wii, be e"'la ! £ - , ° ™ , LD drivi ^ cir. 
numeral 20 denote, the LL Ref =«« 8 

from the semiconductor lase-s n'f^f'T ! -° ^ e ~ if:e ^ 
h«ds to a f lflh ^ Jf-* °f ,^th of the optical 

"later. Reference num '-aT" 'i d ^ ^ h '^ 
'«tor to switch the o U t pu 7deT- 1, '" 0 '"-' 11 ' fi, ' !h 

' * *^ io iDd 21 on the fine* j. r sc-^-iors 

^ "A" a,d those on ,h Si « ^ ^ignated . 

nated by "B" in lhe diagr an T^ R<; S '" Ve d «-=5- 

The first opticaj disc is ,rn.. 
» recording dens : tv «• " -f 0f * n 0pI:caj ' h«v«- 
Wckne« of the di'c * 3t ° f ^ CO and ^ 

shown in FIG. 4 A is a CD d - • / ' hc disc 
W disc is an optical disc ^ ^^e^,^ 0 ^ 



•how. i„ FIO. 48. To reduce th e St T ^•'^ dj 85 
conv c , 3cd spot due to a tiJ,,^ u ■«*«t«ioii of fhe 

d,. For eLap/e ? 2 =o7r= " ** '° * SmaJler than 

The first optical head ? k,* r • 

ductorl^rofa wavet: J t J r^n mSUnCC ' 8 ^on- 
len. of.,, NA of °;/ ( 8 .° " m ^Objective 

conversed , 0 . lpo , diame e * '% ^ "V* C,n * 

«Mde so as to corre-T?^" °^ JCC " ve ,e « been 

strateofthe^^eTd, Tl,^ a ^ n ^ the disc lu °- 
for mstarce. the t'J^ T™* ° pticaJ hesd 5 
Bnt optical headed ^ h ° ndUC ? r ,Mer " «f the 
so that the la*- ^ ° ^ ? ,eM ° f M N * of 0.8. 
diameter of 1.2 urS,!^ ^ COnve :'3 ed a spot 
objective lens h« t„ B " ' " ° PtlCaJ dcsi ^ of the 
*» bx *. disc i^SE^ 

be describe hersioclow "° 0=d ab ° Ve ^ 

DOW 

First, the case wh^r*- /u 

apparatus^ th^X^Vt ^i^' 0 the . 0pticaJ d ~ 
tne cartridge 2 j, loaded « "f*" 06 *- Wh " 

the photo diode 9 det-a h- „ ' h = ««" 

transmission li^ : w5ch^™« ° r abs4n « cf * 

"'on hole 7. A ? '^ "^ ■ tbe ^^min.- 

F'OS. 3A and 3 sfnc-^T^ COn J Unc:i °" with 
open in the c«e of the " mUI * tion hole 7 is 

diode 9 detects •»?- ' * ° P ."" ! disc - " ,c P"oto 
detection sigj ^he^X l^tf"^ 3 
determines that ^ • , t — controller 22 

^ond opts 2"th a ; t h oadcd ^ n ' dsi - * 

control signal ,oth=£ 3 C - n ' r °" er 22 SU PP«« 

^d 21 so as to L ° ( "' th . S<i . ec!Cfs 12. 14, 16, . 

optical head side, fTus , h V^ 1 ™*, 3 °" *= ond 
?*>nd epical h«d j 5 e ^ C L ndL ' ::0r * *e 
«en of the driving suTem ° U ' PUt destir - a " 
LD driving circuiNn Tn- * V S 5UppHcd frCQ the 
optical head S is ^.2" P^'e^^^orof-the second 
ticking control =t--u" : n f",^'^ of the 

*P«dle control c^\\ ! . ^ control circuit 13. 
19. The actuator c~h- 5 P rcc «^S circuit 

«« « output dJtiri^ ^ b " d ^ * elected 
Of the tracing £ S^Tc ***** ^ 

circuit 13. The se~ nd Kn-""' ? C<:US,ns Con£ro1 

output d-tination-cr W^n^^nf ,? 
meter control circui' 1< cu* t e. tl of the l^ear 

i^^d «„^i° 0 F n ^ h=ad 5 ™^«« 

th= optical di« ^; o 0 ;/ 0 ""' ei =? ,ta »««okon 
neouslv. -e second he.d < w Si=uita - 

lights f fc = the disc .-d - 5 d= «--s the reflected 

S:. focus,-,- ^^ g^y'™™**" 1 
10 to the • jpclti*;: 1 PP ^ i' 0U S h Sector 

applied toihT'id T Mt is, - Lh; sipiaj S : » 

proeoriog circuit 19 The s^**'"al ' ? T d S, '^ al 

focusing control circuit Tnc ^T^ '° 1,16 
the traces contrci cir-ait I? n 7^ SUP? ' ied to 
circuit 11 produces r^' '"^"S ""Wl 

in accordance ^ Vs". s^T^T d ^ nS Si - a ' 
actuator of the s^o--'"« ? f ^J"" 1 SUpp,ieS t0 th ' 
ond selector 12 The-'l^ P h " d 5 ' hrOU S h ~=- 
I? a — er s imi ?ar\o ^^r:^: h r ; t :-^ S «or. 
circuit 13 liso product , i r foc,J s«"g sonL-oi 

*o procuces the fecusmg actuator driving 



third selector 14 iL^ hv r ^ 7* thc 

«ng current to the linear nowr 6 ST ' 
coatro. signal from the ^oiSCT^? 6 



optica] disc apparatus 
discrimination hide 7 is 
esn't detect the traassi 
tesa controller 22 de 
tndge 2 is the forego, 
controller 22 generate 
fifth selectors 10, 12, "* 

tenainaJs A on 

semiconductor laser 
as an output destLna-i 
suppii-d from the L 
detector of the firs., 
destination of the :r 
control circuit 13. s 



the ernbocur.-nt, since the 
*csed, the phcto diode 9 dc- 
-on light. Therefore, thc sys- 
lines that the disc in the car- 
'g iirs: optical disc. Thus, the 
_ coRtrcl signals to the firs: to 
16, and 21 so as to select th- 
'rst/optica; head side. Therefore, the 
•^ rixsi optical head 3 is selected 
or the dnving current which is 
arivLns circus: 20. Tne photo 
[-ai heac 3 :s selected as an input 
control circuit 11, focusing 

preening circuit ^?'^ C ^::^ irC ^ r ,T :** 
head 3 is se'e— alL Z 1C ^ :cr 01 — ^ optical 
tor drivin^]^ ^ ? V ^«cm«icn cf the acrua- 
fusing iS^fc " -d 

Peered as an ou: = t d U^aS 5 % ^ 4 * 

of the linear mctcf c^l ^ \ - ^ V ^S current 

;..-ation track on the ccricaj disc 1 
::ca. Simultaneously, the revested 
- art detected aad generated is thc 
S:, focusing error signal F; , and 
*j T|. The abeve signals ve suoplied 

circuit I" Jd sti 1U- ??!,S - t0 thi s ^ d!s control 
sfe ai ?.ocasag ctrcuit 19. Tie sigr.aJ 
: g control circuit 13 tv_ 
»fi W the tracking error detect:^ 
«Jeseque:i: operations are siciiar to 
oi ir.s second optical disc E-.-on--* 



verges onto the . 
without an aberr 
lights from the dj| 
information sig_. 
tracking error si; 
through the first 



F\ is supplied 
«'snaJ T, is si 
circuit 11. Tn 
those in the 
lbove. 

In the case 
optica] bead is 
distance, it is 



,,"!:^' h \° bjs = rive Ie " s of the second 
IK., c. a hign NA and a shcr operating 

^ondoptica/^St;;; 0 ^;^^ ~~=" *e 
1 to be fairly f arro^^^r.^:'"!^ !fls ; -= £,cai 
optica] h^HjC^l^Zjt^ !•"-- fi"t 



motor 6, theiebv - 



■S tr-i seccr.d optical head 5 to 



the outside of the disc su-f^. 

t° this. it is po SS r 0i c o pS e " l S t h r n S FIG - 1 Duc 
the s«o„ d optical head S r. • f * c ob J<=c^e 'ens of 
1 due to a surface 0 ";?ia^' ,,deS ^ the °P ticaJ disc 

As described above »r-«^- 
by providing tne S t o p SS 3 to ^.embodiment, 
head 5 having convergence^, 3 Md optical 
">g to the tbhfaeaJ?^^ ****** i*"**™*- 
"d secood opS^ C ,h- 1" 7 bstr ^°f *I Hirst 
recorded, reproduced Tor e-^f "* Pfeferablv 

suitable for the chiexnej 0 F I ° PUCaJ head 

over, by providing tteTiJ^ disc jubstrate. More- 
the cartridge 2 and the d^S,°° 6 7 f<5nacd 0n 
pnsing the LED 8 to de-«- ^T^^S*'-*™ com- 
discrimina^ hole - ^-S C OSUre ° r *« 
loading the cart ri d e = 2 eactof • £ ° e ?' ^ ?" **** * 
automatically accural se^ ° PClCaJ aads °e 

FIG. 5 shows a construcrfo"r!*J dia~ s -, n f 
disc apparatus according to th^J-nrf ° pC!caJ 
the uivndon. In the dif~^ --• f ^ of 

differs frota the foregoi^g^" ^ "^^nt 
sp«: to a point that a'hS o^aT^"' * 1th «- ' 
» place of the first ac- ,-~nrf«,r.- 7? M 15 ^"ged 
a point that the^nV^- ^ heids 3 »d 5 and 
14. ,nd 16 ue « d fcunh Sectors 12. 

driving current whic~«, £l*?? r traekin * ac:ua 'or 
Mntrol circuit 11 and 'th-'foc ^ tr3Ckin S 
current which is ge.,-a£ £f- ? h 8 ? C: " !0r driv ^2 
circuit 13 are directly s^'TiJr.r.^.^J^S «n«rol 
30. Tne driving CU r4 ^ °- ot:caJ h «d 

linear notbrcontroTcL^a^^ fr0Q the 

first linear motor 4 = " ~ J >' sa ?P lie d to the 

Further. FIG. 6 show; a <j-a£-- c-r<- ■ • 
gram of the third optical hea° M fc * JCnonaI dia ' 

»eat of the invention f-!^ leSO - nd ea bodi- 

»eraU denotes the firs: or Jr--- -^ B ", " JerBslM nu " 
se=iconduc:or laser as a ii^r ^ C1SC; 32 a - r «t 
ing lens for converge a fc^VT^ 1 
conductor lose- 3? ;„"- , " ".T "°- : '- c semi- 
fitter :c d^deV^cif^^ * ^ £ «^» 
tairror to change the dir— ie-V'*? ^* =S: 35 1 flr5: 
objective lens to convert L"- n ^ 1 flf5t 
di» I; 37a firs: de:e=:in=1e~s~ a ^ the optical 
lights which have been l=Wd- bv^ 'if = ,he :t{] ^ 
«d 38 a first photo dc^T / he ^ S ? iitts -- 
reproduction sigr.aj. a focib- ---^1" U " oaDati <'" 
" 8 e '7° r «SnaJ fro n the co=ve~ 1 A ra = k " 
Tlie above components 32 to X ,,Shts - 
verging optica] svstea 31 c— *-->-. a first con- 

^•r;s fc =' d - » ^id . 

, *bich wiU be - JpJa ^^ tti-^i °?- ,sc: ' v = Iws 4«. 
40 denotes an actuator ta\'^-' •'■^''■'"'T nuaeril 
Tne driving currents are su'^-V'-"- °' der 3? " 
centre, circuit 11 aad toinrcor-^X.^? 

Reference nu c . rai 42 decot^ - 
tor laser as a light sou-. 7- ° CG ^cendue- 

to conven a laser beam froa ,c:5 s 
l«er 42 into a paraUei b-. ° « , " ^conductor 
to divide the beam b^^L*?!™ ^ SpIi£! =-- 
to change the direct 0 f ^t^. 1 ^ "^r 
objects lens to converge th-'bi"-^ ^ * CC ? nd 
d'sc 1; 47 a second deteAr- 7 e n^T -~ ' b: 0pt,caJ 
««:cd iights which have t^ 3 d vie "b:>*'f * C fS ' 
beam spiiner 44- and iX , « ^ " !he 
obtain "the infor4xS 0 n re -S'- t0 

error sienaj. and^racL, -l'^ " ^ fcx ^ 
wo t,ack^ g .-- r SISBa _ frca th; ^ 



verged reflected lights Th<- 

constn.ee a second cwvij^ "'"P 0 "'"* « to 43 
above firs, convert nn?^ P SyS:ea 41 " 77,6 
converging ^S'StST Tl* 31 ' < h < ~ond 
mounted on a sS bale thc « are 

struct the third^t^h Jd M ( £ C °"- 

thicfc,e« d [S correct £ y dSSC ,ufcstraSe ° f 1 
designed so h" fo7fiur2 ^ nd n °>J^ lea « is 
tlon by the disc sutt" e 0 "' ' 9b<r7a - 

™e operation o the optfclj " ^T*' 

efflbodioent consirac-d L a^.-t Z^""" ° f the 
d«cribed hereint^"^ * MW 

optical disc will be exslain JTu- ^ 8 * :COnd 
loaded L,to the octicJ " "-""^ 2 » 

ment th- t en o ' a ??^^s of the erabodi- 

22 £le= s Se - ^ M thl: thi -"troiler 

the third op Lthe d ^ 41 <>' 

22 general controf,^ th^nT- 1 -* 0 ,"" 

tors 10 asid 21 so « fr, « i! u and seise- 

lens « throurt the L * ' . S . e==nc = b i«=v e 

* convert £ fc^S. * *• 
objective j„ s 44 and : ?" ^Tr *' ~ s secsnd 
by Che second s P ^? « ^ ? S «* 

ror 45 Kd i s ccave^ J". , l /'" 3u S n *s *==nd .-sir- 

« by the ^dS::^^^ 2 ^ ?h ° tC 

signal from the conv^-^' T • , , e ~= r 

J* -F.=ii» «o^fe:% 1o ! ' S r' ! '' 0G " e d5sc 

finely moves the I MJ hc^--1q , ' C: - atCr 40 
focusing directions "t ?£d"4 ? „ K ™ c ^ '"^ ' Sd 
trackir.g control circuit n and ^ ,fca 

ejeuit 13. thereby accurate v^e^lT 0 ' 

•yteo, controller 2! « 2»- «d 

optical disc tpp „ tus or IS*™ t^S!::." !h; 

iight. the^vsiVStrol e^^ ^ "T^ 1 ' 0 " 
the loaded a--™?!?' de=ld « :fca = ^ Use in 
^bove. so 0 £ f « «n £a „ ed 

the fust and nS ^ oi".^'^ 2 ?, 5 iC " :r0i ^ :o 
r^tserniconducte^r^^^/irstSc^S 
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sine* th<- fir** ~~ uc " t °y thc first ecsoodunent, 
suicfi ldc first converrtaff oDtiea! « v «v , n , " ' 

~ood converging opS ^ On' 

and the fifth Sector 21 ifeSS Tn^ ^ " 
, detection signal which is gc«- a ^ from -h, r ? 

optical head 50 is directly suppiTe-^to t>- ~ ^ ° Unh 
trol circuit „ focaiiBg £ < ° *V^f «»- . 

driving current which is generat-d fr-m th^ t n • 
ejeui, 20 is direct suppled to l^^-f 

Further, FIG. 8 shows a detailed const— V„.i a- 
gram of the fourth optica] head X^^f™^ 
meat of the invention. I„ the di«w k.:^ 1 ' 
meral 1 denotes the first or second^'dlsc " Z 
first semiconductor laser as a sour-- A r 
animating ,cns to convert thefc £ J» 

^conductor laser 32 into the panJW te^- « 
first bean splitter to divide the la~- <J^f~', thc 
bj-.; -d 35 the firs, ^ ^ e fc,™ ^ 
the beam. The first obit-rive l«~ s « .. 0n of 
objective lens 46 are Ji^^JS 1 
second embodiment of the inventicn^Hrs"'^ 
lens 36 is arranged b«w«n the firr ^t?^" 1 ^ T 
optical disc 1. The second obfeS^ " 
between the first beam s F iirter 34 and the op^dTs! 1 
Moreover, as mentioned in the forcing /-^SX ' 
the aberrate of the firs: objective" ie.4 "iT^s £L' 
corrected m correspondence to th- f?-y cT-S 7^" 
hav^g :he disc substrate cf the -JckrS d "rf 
»uon of the second objective Ef- 
fected u, correspondence to the second e^cai dis- 
saving the disc substrate of the thickness d, R-'T-^ 
numeral 51 denotes a first shutter arranged U^ee-"th? 
first objective lens 36 and the first s-Sr 3 « a^ln £f 
optica] path which pass« throu-^- P Z v 
lens 36. Reference n^erai sT^Sota . ^ 
wh,ea a arranged between the second obicc^e ^ 
*nd the first beam splitter 34 a-d o- V. —. ■ 
which passes ,hrou gh F the second ob^tt S 
firs and second shutters 5! and 52 ooen orl'ese * e " 
opucaJ paths by contro. si g,ais fraafce Zs :~ * £ 
rollers 22. respect.vely. Reference nuaerii'37 £™ 
first detecting lens to converge the reflec ^fi 
which have been divided by the beam splitte^ 
HZ "" e «« » d «°'« the first photo de^c cV'o 
obtain the mfennadon reproduction sigr.ai. f«£ L " 
error Mgnal. and tracking erTCr ^ ^ 
verged re.Hected light. ' "'" 

Among the foregoing ccmpooent e-eaieaa r fc - p-s- 
objecav, lens 36 constats the first cenverg-ng o'pS 




system mentioned in the Lcond 
invention together with r e -?° <1, «nent of the 
3 2> the firs: cJlUol^tJi'Sl Sk"™*" ,a ~ 
«d the first mirror fs^'Jtty* 3 *.**"* 
constructs the second convJrtnJ Z ° bjectlve ,e <* 44 
g«her with the ^1*™^?!*'** to- 
collimating lens zTth^^t f ^ * 2 ' the r ™ 
first mirror 35 which w l^ iP ' m!; ^ the 
convert optical system S^' f ° r r ™ 
system is mounted onto a «X? V T g ° pliMl 
together with the first ^^ff ( ° ot *own) 
thereby coastructir.? 5, L^J nd . s ^ers 5 „ d 52 
the leas bolde- 39 ? h R 7 0p,,caI head »• Since 

f«ond embodiment. th^Lj^J^ bead 30 10 th « 

^ssr^?/^^- *p««» « ^e 

bribed hereir.«£ w Tnl £l T~° tt ^ D0W «* 

controller 22 d=^/° ^ W, " nea thc s - v ^ 
«™'c* 2 is the secc^fcci 3 ^! " the 
generates C3ntroi si ~J:f/ "*l ^ ' h; controller 22 
51 «nd 52 of the fo U r h/^'?-"^^ ^ "«,er S 
trol sisals are suc . 5 S fc?- f °" d 5 °' W "« con- ; 
the second shut, ■■ ^Vt^TT 7 51 * 
laser bcan^froAfr In the abovs ««e. the 
is converted*,? 7h X S^^ 3 "^*' Ias « 32 
«3 leas 33 Md is divi?- ° y :hs : -« esUii=«. 

the reflected |fc h r b^Vfcf r , "V ransm " i on Kght and 

&^^^^-'r^^-r:£S 

verged onto the cSc^r™.^^ 52 «d is con- 
'ens 4*. 7- ne 



convex, mto^JSr^^r^ 1 " 
lew *> ar.d passes/- vo^ -Vse^ ob -»«^ 
."flecad and sepdLed ^tr'l'S. Sr "' J<t . ;r 52 is 
" converged enf/th- P~ ^ 'P'""' 34 «d 

dc-ectkg lens 37/ 7^-^° " !Sc:or 38 ^ 'he fins 

the convert -iru~: „• , ". 3c K-g srror 5 ;maj from 

^e executed uK^f^ P= operations 
. Since the J^S^"^-*. 
«g control cir/ui: U ffc^ ECtcr 4 - 

tnotcr controf circ-.;. TV* ^ ^ ' : '" 0, X. linear 

spindle accer/lg. si^al -Jl COnt "* 31 cL "- i: 17. 
«g circuit X ud EZZ m ,? ~ sz " h 19 - L3 driv- 
those ia the IticJ^™^ 22 « : he some as 
«^iss S .^;-- d^ P . ?arStBi ° f fors S- £ =S firs: 

=iines that tfie'dlscT- !l i S L ?: f = ccr ' :rcU *- 2: deter- 
cpticaJ disc Ae ^ 2 is the first 

^* s " u "- 51 's opecec anc the second 



; c osed In the ; above «, t 



•sauttcr 

sion light 3 H d lk . fe n._r:; Trr"; iJl =- "> «e tri-smis- 
34, :h- f. ne :: m r f;!-7 te r ,l S h: b - v ^e first bea= sri.v. 
» 52 ar^ = !!^ S "v the secc^ . 

first shcti if i ^r,^'- 1 : -= U - :h th = 

"y the /Wt objective ^V-PS™^ 1 
«ecuted i, a m iv . C r S= J'-o ^ ° ,h - er T™ 00 * ^ e 
s«ond o/tscaJ dis- ' h0SC L " the «« ef the 

r- nf e ;„L . ^ l * Iw — «w^.S Ov the >C"^r- — 



-4 • 1^ 

and pnoto detector in each If ~ 

tK°:l™! ° f thc Pfrfo'W.ncc such as reduction of 

can be realized, 
a dciaiicd constructional 
'f an opticaJ disc apparatus 
the invention. In FIG. 9 A 
it semiconductor laser 32 
t beam splitter 34, second 
■ing lens 37, and first photo 
in a manner similar to those 
fpticaJ head 50, their descrip- 
'fcreace numeral 56 denotes a 
"2nd objective Jens 4<S; 57 an 
holder 56 is arched; 54 a 
Jens arched to a slider 55 
hcreaUater. so that the opticaJ 



the seeking time and the „ 
FIGS. 9A and 9B shoi 
diagram of an optical head 
in the fourth embodiment 
since the opticaJ disc I, 
first coilimating Jens 33* 
objecuve Jens 46, first 
detector 35 are construe 
up the foregoing fourth 
tions are omitted here. J 
lens holder to hoid the 
actuator to which the I 
wave freer correct 
which wiU be e.Tpiain 



ssi^A* 

« riioer 55 coincides wi:h the opti" 
i oojeeavs | eas 46. T fle above-mcn- 
Jeasaa : are attached to a base (not 
J« i utth optical head £3 
i view when the wave front corre-t- 
shcer 55 are seen f rora ^ direc . Jcn 
a >be dugraa. the !- 3s 54 is aovable 

wl b> ' arrOWS - *»ve front 
has been desgaed in a aasnenuch 
>F«caJ systea with ti= second cbie-- 
at:cai to the fcregciag firs: objes-jve 
!«« * has been deseed so as to 
won oy the disc substrate of the firs: 
the turn optica h«d 53, the second 
6 "-"jucts the second converging 
.evened tr. the second embedment of 

'"unaftns .ens 33, and first bean, splitter 
!» regarded such that they ^ 
5 opecaJ systea by v!^ ±e wavc 
» I«* « to the second converging optj ? 



the opticaJ axis of 
cai a*is of ih- se:_ 
tioned componen 
shown) and cons 
FIG. 9B is a pi 
ing Jens 54 and : 
of the optica] a; 
in the direcso: 
' corrcctir.g lens 
that a syaths:;. 
tive lens 16 is i 
lens. That is, t 
correct the abe 
opticaJ disc, 
objective 
optica] system 
the invention 
Jaser 32, first 
34 and can be 
fust conve- 
front correc 
caj system. 

Since a w 
tus in the fc 



;|s corutrucrion of the optica] disc accara- 
that of the oVi^Z^ 1 '* sub "« c ** the same as 

meat shown £ n G f^m!^ ^ 

l. MO. / mentioned above, its description 



is o mined a 

The o_. 
fourth em 
now be d__ 
fifth optica] 
m a manne 
(cr 22 dete 
is the seco 
control sir 
is supplied 



£on of optical disc a- 



-"^ h Z " S ab ° vc «"««cnon will 

-h£S ? ^ ° f ° pticai di * « de:ec ed 
•l^ar • to the above. If the systea con^o, 
<•« that the d,sc in the loaded canrid-- ■» 
! optical disc, the controller 22 g~ ' 
. [ «^c slider 55. When the conr-oVs*'^ 

' C " S 7/' 0 L,,e P°»«!on P,. Tie laser bears -t-I. 
f.o m .he fi^st se^cor.d.ctor laser 32 is eo.^d '^o 



ft 



vcncd into thTptJw thf , ^ ' " coa ' 
Jem «. The p^Ju I 2, 8 * ? e sccond objective 
splitter « M^niS^T* * rou ; h th = r ™ beam 

detector 38 derates a photo* de^tion^™ Ph °'° 
• ner suaiiar to the above Th- j£ ^ m a man - 

disc, the slider 55 aovSdT^ r " lhC flnt °P tical 
» to the poAte th?£ 'I"' COfreCtiflS l ™ 

—e front correctL-.g J£ 
leas *S «r.d is conve-z--' „„,„,„ . . seco ? d °°jec:iv e 
the optica] disc 1 wSi^c an Ibe "anon^" 0 " !?~ k °" 
«»«■*»*, to those in £ cte'SSelJS, f* ^ 

due are executed second optical 

fa^dff^^^ embodfaen^ 

nonJv used and " t o^l ^« J • !caS 03,1 "* «>«• 
the -ca-wr r «S ^TS-^r ^ by 
e^£^^ 

^°P^h«d^ 
second objective Jens 46 c ?<»*ni«" has the 

disc bavin- rh/dil lulf,." "^w^" 5 t0 tne 
further, corre-s aL- °' ^ thiCk;leSS d = « d . 
jng the ^t T^^T^^ 

r i=h £^£1^^ j - 

due to the disc substrate of :h- thic^V-' ab4 ~ atIC;l 
^ Although the accve Zl^&Z-W^" 
described with ressec: to the c^h~ ? * bttn 

can be also apdied io the case -^-. f m ?" tio "- 
thicknesses 0 f ;h= disc Lb«^l, N f'? 0 " ° f 
number of optical -e— ~ > ! • 3 CaSC| th: 
the like is increased^cco £ * °°FT '"^ "» d 
Iwjds of thick-esses of th- 2 ■ C L,£ n ' Jta =« ot- 
to the discrSrT^- ' * ^ *'ith respect 

-ore kinds^ Tticli dS S -l t-^' ^ 
i«tMce. checks , pKj;- S ^'r^*** by. fcr 
«Uch are forced J. ca -- ? d- diS ^ nation *°'« 
forming n disc:: = ^ h "V'^ J by 
cm be disenminarec [ ' " ds 01 °P" cai di «* 

on^S^^^^^ hole 7 fcnaed 
h-ve bee., used « d£ diS-f^ ?flCCQ 9 
different reHecurcc™ t"^ g =tMS ' P» L " a ot * 
face of the cTr^ f^ b !.* J10 " 3 ' cd cn:o the sur- 
hole or a meeh^'^Wh °i -'^ di r :Bi:Sa "" 0n 
in place of the r ^ Z " • Caj " 1150 

Furh- , J:.?^ d ' hc Fnoto diodi - 
rurt.L.. a d;:;;r-- C ; be:-*-::- 'hi-!^. tt - .•„ .. 

suostratej can be aJso di-— lv ■ ^""' SSes C ' ' ns =:sc 



rSS™? "."""Hu «« thin dte subs,,,,.. 

The optica! head in eaih of th- abov^, •• , 

cai disc apparatuses n^c-Jt ^ ° P "" 

aooal optica] system ^ff*^™?^ LSeo^' 
quartz glass or the lixe.L, opdca j held in ^^0° * 
caJ due apparatus J( vM^^Sg^mt 
explained hereinJater lt* :e Tm t ^ 

head and is m„Sc£ bv7 0 J-- m ' ^ ° pticaJ 
onto a thin w7v£ de y " ° pQCaJ 

meat of the inv ea t io 2 Fu^rthe- no 1 1 V*"*?' 

FIG. ,0 is t^e^^r-ofV'r 1 

due ap F aratus_in t £ ^ ^^^.V^ 

-rfoSnte 

« denotes a «f^ P fc^\fe« 

The sucstrate «j is attached to a head base tf£"u -f "a" 

focuang .ctjatlr and a tracking acr^r J- C o„ 

S.nc= the .ocasilig actuator. Backing actuator w W 

thoi conve --"° n ^ ^ we! i.;^ 

c*: ase^ as tfcesi ccQpcnents, their c-ioii— ' -w— ■ 

«d the drawls Wonased he7=. 

62 denotes an fapticai waverjide fornix r~ X" — • 

e.. e. e d .he op/ucai waveguide 61. For instance a F-s 
u^ca as a JcsJ64. Rsf-renc* numeral £5 desotcs a fir« 

^r^^nT^^ CCU?I=r foracd c « cpr^ path 
or the paxaUef wave^de light. The coupler 65 cK 

lignt to a position out of th; 



Lbe waverui 

wivezuid? «V.r5 4 ?CS ' liCn out of 12:1 optical 
wavegmde 61 and converges onto the optica] dL 1 
.The first converging g^ung 6S \ , if 1 - 

the wavegu I( fe by eiectrca bcac du-ect dr.*?7e7*- 



: nuaeraJ 66 denotes a fir 



like. Refere 

waveguide fonv,..-,,'^- w^l? .„\l er ' G: ^ 3 ,L " ! 



verges the return light. RefeLce numeral 68 denote a 
Jit photo detector which JcoupIedTc *e s!de surSc 
of the opt.caj waveguide kl and detects the ^mn 

=5S SflSg fife- ™ * «S5 

opt:caJ waveguide 62; 7o/ a second wateguS £! 

« J^%\? f ° C 7= ,econd Conductor laser 

69 and entered the opn& waveguide 61; and 71 a *c 
ond I convergaig gratin Jcoupler fonred on the oSS 
path of the parallel wlveguide light. The couole- ^ 

"leg T t0 3 ?osit!oQ 

t • , . 1 'f emotes a second beam snlittr* 

which is arrayed bei/U-— i tK* * , spune. 

7n ,u * , «=7*~n th « second waveguide W 

»to the optica] wavig,jc ; 62 through th^cno^o" 

ond waveguide ctf^££™t£^£Z 

waveguide convf^V^; 73 er5td 6y thc Se=0nd 

instance NA-O/I? «h ^f^' SUCn that - for 

ve' 2 -"umfl |,h3K " a -'"'O" «Sht can be con- 

deigned m a raWr Iuch .j. at> , 

ness d 2 can firmed " ''"'^ °' thick " 

The first an J second b-a.- sc'ii'— s 66 anJ 

other ^firS^Sifr ° WS tts 
Nishihara. Ka^na a^d -"4 ' "Oo^r Mamp ' e ' 

waveguide' fel" ^ * " °" ticaJ 

The operat fen of the optical hzzd in th- Ifth 
meat with the/above ccrs:--V- e:abod! - 
nercinbelow. ] ^ now d «"bed 

eu^fS^Xfir, 1 {, .' J,e - fcK ^ driving 
lafe « Ml SC=i " D duc:or laser 63* 

P^a£ t r.S"- T " ^ 
conned it the p^t. ' b'v ^ ^ 
lens 64. Toe -araJlei l,X - " u -* nt a ' ave 3"'d= 

liaht ,„ the o^doshc dir== ::=n . 5urtfceri [hs 



opposite 



«. The lens 67 S ' C « t !' m ! he r ™ ««" «P»*r 
onto thc f«t phoTo L So « r ^ m r WaVe ) ? UidC Ught 

«J disc 1 5„ S! h , ■ ^ 5n f eCOrded 0n the &« opii. 

dtnb" on oft " d M 

to the outside Bvn<£S»T TT- 10(1 

is supplS to th J ?^ UJat t a 8 ^ dr '^S ""eat wfaicb 

« 3uppnc« to tfie first seznjccad'jcnr f«<^- /ri *u • , 
opticaJ head 60 ,w» e *T . Da JC \ or i2 ^ r «. the juuh 

ond ^conductor iLr « se-ond / ^ 

focSfn?^'"? 61 ^° the h*»d base by a 

locusing actuator acc a crackins sf .„,.,. t-» ■ • 

of the substrate 51 it*ir a ££^£\^£?£" 
«rvo ngnaj, M . h , h , e - foregoing 

ate, onto the inTo^a^^^-^ 

Pier « whJch7,"^'d S r nVe -' rl f S « u " 

couple.- 71 which :s ferae' onT- c ? a * e '5WS grating 

. , •* 'orae^ on tne optica] wivi>7i>M. <-j 

«d corresponds :o the thictaea of tfcediso 

th« : second optica] disc, a desired oce of £ SuS-^^f 

tnnf iL thG a:> =^£iCD of the C0nv.^ e w 

Although tie thickness of the disc icbs-i- 

-uccd or recc^S Thus. ^ " 

FIG 12 is a scheaatic cersoestiv- view ^-r^- 

In the diaerxa:. th- ?>V- i_ 
oaJly the sac?- - * e=, 5 0c: ~' cn{ h « "waji- 

81 and a wave Suids - frror 82 ^ J^J?' Iltts -' 
components as those shown in PTG. 11 iT des^aS 



waveguide lens 70 in m ■ I • ^ d the ^ond 

fig. n. thctL- d bet 2 ^ hcad 60 show « ■ 

optical path bc-wVnTh P 1 * 3rTan S ed on *e 

spline- ST„7h e J, Wave 2 u,d = »«« « and the 
Che «fi bLf A S^^-iviw^ 

arranz-d in *h* a; *• I Wave r^de mirror 82 is 

splits « d -;^o jh« first 

to a position where the w^-,,;^ r ^ 82 * * £ 

liff'-t ,„j ,u ,C;3 lnt0 : --e trajisciission 

Iig-^and the reflected light bv the Lhir-> beao 

J I"! light » t^ste-d rJSl TX' 

«2L« TI through ^St^ B «iS. B . g ^« 

steals: r rr ,jted ia • ^ 

c0r.v5.gir- J 7-: I 1 ™* to the r «pe c:ivs 

o^S^'t::^' h « described 
disc suSS^*-' ,* aU T- ; ° f ?hic ««« of the 

thickneuJ'i * e dM £ * ^ of 
the nuo-.be.- of ki--r o r.u t ^ N . ow ' « s -nuig that 
» equal to N°^s7-T ■ °' th = 0 ' ;sc "bstrata 

--eguideligh e - ^J ? ' :::sn f0r d:: -'=-S the 

To of K&^^s 

*e Kgh: 'i£Sr oT?. fcl" t0 ^ divil:C = rati <* of . 
M " 01 ^ tC bc ^ sptiners as ;ciW s . 



1 : ,V _ I 
I : ,V — Z 
1 : .V - 2 



I : 1 



"on of the ?p^%^ p k p Sj^ • — =■ 



conductor lale S ' ; ° r ?^ "™'Z*de «. fine sea- 

•eventh Optic "S £ w^"' e,C35e!US ta th « 
description, « SSilS V ° Ul dctailcd 
dc 3 oc« an SAW (su4 C e ' Q * """^ « 
"ranged on the op i5 w vS S *' 1Ve tranaiucer 
acoustic wave «ea«^ ^ s ? l 1 " ^ a Surfac * 

frotn the r«c P wav/ 2 : L lc^« W 3ht 

91 is construct bv" a c -o« fi„, , SA * "^"cc- 

nufflcraJ 92 indica?« a ^'4 r n ° ! he hke - R =<^nce 

by the saw sS«- ,r S Wave 3 " crated 
ing coupler fens-d ^ fv , ^ d «> nv «giag gr«- 

acoustic wave 9- and ™£ ^ y $U " a surfac = 

likewise for-e- « ,h * 8 ' f^ 8 ""P 1 " * 
light propaS, t t t°, F : 1Ca i path 0f the *»veguide 

out of the opticai waveauwVs* » ?ht : ° 1 fe? ' 0n 
optica! disc 1 R..-. " ^ d ""verges onto the 

^ ^&zszp%z%& 3 founh 

g^iids lens 64 n che flrs: wav e* 

acousric wave 9 f£ $2£E* °'- ,he ,Brf «« ' 
^ed into the o="2 w^^^t ^ r - 
or fourth conve-n* ^ . ° J ' Ge 62 through the third 

the return light ar.d 95 ind ; cat« , ."u- J d ""^a 
which is couoied :o the " pnoto d *'-=:or 

guide 62 J l ' h , ' '^'"/^"P^ wave- 

cr the like and both 0 f L P Circuit" 
guide and ? weil-^own optica! u . av= . 

above literatur- cl^t 7^ ^ deSCrii * d « the 

bc^:~e^it?^ , s £ /L= v 0pti = a ' h " d i *e«ven:h etn- 
«ibed hereto J C COnSt ™*°* now ^ d e- 

taeT Ea J? ca- 3 3 " ° f ^ ° pt, ' CaJ ^^2 ^ 
guide uSti'L? * Wlv «3'^= light. Tne wav^ 

surface acousUc wavt 0* ;. the b Sf ' ^ver-^s the 
transducer 91. A; 4 L " from the SAW 

Sisce a del " "~ " ^1? the aCOUJtic = 92. 

^= waverjJde M^t, // °/ Sarfac * aca «:ic wave 92 
direcrioJ 0^ * HZ?* ' P«P«?»ted in any one of the 
couplers « «d 9^ C ? nve -*» iB 8 ^ting 

transduce- 91 V-^ u ^ e 1? P 1,ed t0 the SAW 

! high.r r:qu „cv f reque — vc t 

r-c opticli Z^;^:^ th = of :he 
«f the frequency f, is appiied t'o .^''S^ 



^Shr^^S?i.'! 0wfa « < h = P-Hel wave- 
Pier 9*Y n c ffi^*! gating cou- 
tracts the parallel wa^eS^ f ^ 96 «- 

optical waveguTdc 5 , !fd ^ 8 ' '° * fegi ° n out ° f 
don track 2W on thefiS ""'^ ° nt0 the «fi»nn.. 
light ^roc,^ n di ^^ ^ Sl° PU a C ^ : i. d,S^ L 7156 
waveguide 62 through ^ °P tical 
propagate, as a return waveSff?! 96 Md 

direction. The proe^t ^ gh l m thc °PPOsite 
light is changed IWr 60 " ° f WaVC 5 ,jide 
■fter that, tri wav'c-SdSf- " SaC W " Ve 92 
non of the ^7*^1*'* » the dirts- 

fourth bca^Utte- 93^ e S^*™* * * * e 
»g lens 94 conve- *L ~„ , waVC?uide «' V =-J- 
detector 95 The fS? D ^* a J ,8ht =° ,he ^ Photo 
"fernaB-en^r,^^^ 55 d "5=* the 
error sisrr.aj, tracicin- .1-, F'^ Svca « fecwisg 

have be- r J^% T r^' thc which 
b«is of n °S ° PtICai disc 1 0Q 

return lighted t-^i"^^'^^'-^"^" of the 
the driv&g curr?^ w^chl ^ ° By modu ^ 
conductor -^63 - 'i Sa??i,cd to *e fins sexf- 

erasing the mforaat'a^isnal elw'?" 3 ' r ~ 0rd ^ <»r 
caJ disc 1. SaaJ c " io/ 'roe the first opt:- 

On the ether hand, in the ~f ^ 

«??iie= to the SAW Tin^'.: °' ^« Cy f : » 
thereby allowing the paraS^x-.SV * ° Utiid; - 
the fourrh "nve-V- a ' c S- 1C;: hg.it to eater 

<-«« op«uorr"ss rn - ufa - 

those in the case of the firs- o^,^ ^ S ^ <° 
^a^^^^headhasehy, 
The position of the subs rate 6 f t^r <n0t Sh ° Wn >- 
th. ser.-o signais so that the S^lL^T^ 

retere.ice to FiG. 14. cescr.oea with 

In the diag.-ia. the ooticaj d'sc 1 c-r-v , , 
Jnear motor 4. disc-ina^To,- V^D*! 
d ode 9. tracking c=.-.- 0 | cir~m . r 8 ' pnoto 

circuit 13. IL-.ear .Eot-r'^n,^. focai!n 8 cor - 1 ^ 

*ol circuit IT - " : °' C:rC " :( 1S ' s Pi-^'e con- 
cui: 19, LD dr-Ans^-Vo^J' 5 " 31 ?'°«"in S efr. 
«« the sar-.e as thot- i7-u " d , s >'" ess "'-cller 22 

third ctr^e^^^" 3P? — « 
ence auaeraJ 90 de-ot« ~Z - u t mverU!0n - Refer- 
h constructed bv ^"S^ 0 - DtiC "' h " d Wiicil 
KJ u«cr^racki-='ac-^.t" h* Jw s -":rate. focus^g 
««« nuceraTsV^"' he3d ba " acd Uke. Re* 

circuit w^ch r^l V 0 " 5 ^: voi£a 5 8 
«y«te= contrciier V;^" 8 -' frc= the 

verting circuit whj c r-"-"^; '* "° t=S 3 V/f «"»- 
oonsunt v 0 lu S - 2 --e^" ihi V0,U S= V,- from the 
high.frecue.^;;^:, 7 C:rC-Jlt 85 generates a 
tionai :oV, fr. V? ^* fre< ? Uesc >' « proper- 

h.gh.fre.u^o.;;-^^ ^ e :^ f a 

input voIluc V 7=Vl .J r - " IiC ^ J "cy f| wncn the 

niuzzTv 37 dcnoies an «: * i- ^ ■ * : ' R = «r;nc- 

nigh-frequencv JStaVcf -'^ '° 3 ^ ! >' 3 

frequency f of the hiZ^.Jr**? 'T'^' " L ' e 
the V/f conve _ L n > r :. ^ supplied from 

of the eighth ortal t£ n tMliB -~- 91 
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now be de^nbc" hereto: abOVC COnSl ™ CSl °" 

due has beta loaded mto tbc optica] disc apparatus of 

ter^Trh emb< *r^ »y«e» controller 22 de- 
tcraines that tne d.sc in the loaded cartridge 2 is the 
«cond opfcaJ disc by the detection sig^ai Jitl photo 
diode 9, so that the controller 22 zci-ate . 
«g»! to Che constant voltage gsa „Sg~SLS HTsl 
to generate the volur- V* Tnr V/r^V 

so that the SAW driving circuit 87 app | ies the hish-fre 

du<x. 91 of the ::gnth optical head 90. Th-re<br e inTh- 
« f thopticai head 90, the laser b ^ S froi 

S-g^th«. ve 2 B,g J™^ g cou?,er 97 Md is ~" 

tra-k 20fl n X' ab !,- atIon the information 

Or. the Other hand, in the case ^r^. _„,.. . .. 
the system controller 22 g=^a- s a^t'T d , ISC ' 
the constant vcitaz- 2 -n.5"; r : £ -^2 ° S,SnaJ 10 
erate the voltage V^e V/r !" " " 10 **" 

convex the input v 0 u? s vTfcto * ^ ' 86 
t^t the SAW driving clrcu,', 87^£^£> 

due.. 91 of the eighth opticaj head 90. Th~ r ore jlTT 
e^nth opnea^ head 90. a laser oeaa a etn^f the 
fin: converging grating couoler W and 
wufloui an aberration onto the Wbraudon L-S 3b « 

According to the esbodice.-.t as xestione^ above Ln 

"eously e=it the ^ b^. » S? 

hL^t rSSr ' S coupler, Toat is, £ c 0^ 

head havmg » transfer efficiency be.-- than ±!t ff ,^ 
seventh optical head 80 in the fc— ~i-^.~^ ^ 
me.-.c can be provided. ~* * ~ C=bodl " 

■ FarJ-.er by arranging the fourth bcaa .-Sir- qi 
between the waveguide , c=s « thTsAW ^a-" 
ducer 91. the return Ughts free: tie « * V £? S ; 

cjnoodtaent. the invention can be also obv^v i 
pl.«J to three or more kind, 0 f thicSLS ~f 
substrates. In such a case, the nu=bt^«~ e 
grioag couplers is increased in acco7^-« ^fh"^ 8 
nurnc^r cf kinds of Besses and Sc^S " ?, Jf 

tft- JKreaaed number 0 f such couc!: - s lth 
An opccaJ disc apparatus in the .; s hth e-.^*---,, 
of the aivearion will 30 w descr:V«- 
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uie diagram, reference nuneraJ 1 denotes the iW 

1J the focusing control circ-it- n fk* i; ' 
control circuit; 17 the .p^ V^'efi? 

constat v5u^s«.i?g%ss;? 

«g circuit; and 87 the SAW driZs^i T^.^' 
comport elements arc th - ^ e *.T r J T Sb ° VC 

fore, the optical head in FIG. 15 is also -I^",!??"' 
ei 3 hth opticaj head 90 herei^fte- —vS ° 
explanation. Reference nunerai 100 d ^ a 1 ^ 
error detecting circuit which rece-ves a t mL . - S 
agnal from the third photo de^ 0 ?9« c' ^lK 
optical head 90 and generates a tracki ; tj r \£~. 
VjS to an adder 101. which wii! be e.r^d he 5^" 
ter. Reference numeral 101 d-otes \Za 
volume V^which is generated h ^ 3 £ ^ 
detecting ctrcuit 100 and the vela a- V-J-*-- " 
«ed from the constant voiug.^^L t „" S; aer ' 
suppiied to the adder 101. sc'tha^ad-^ * " 8 

voug. v 0 (v 0= v^^v,) to t c:Vf 

cait 86. T*e V/f converting sfc.h i« V^'di.^* 
csrcuu 87, tracking error LrectiV c'--^ im"T? 
adder 101 construct a tracking control cP* 
a, it is the inventive point of t- "liZ"' 
that the tracking cor.tro?" s ° c^ed bV"V" S S T£ 
transducer 91 of the eighth opdcThSd » ' ' SA * 

ins pnnctpie of the tracking control -* f- 
embocimenc wfll „ 0 w be described he^c^S? 
reference to the drawings. FIG. 16 is an 

matjc perspective view of the cor.v— - *;„ 

pier. SAW transducer, and ^n w^ 3 =° U " 

acoustic wave has bee.; fon-^ £. It 

which enters the eanve.-S-,?: ^.: e ^'? e ^ 

lated between solid lines a^d cro^:;^-' H 0SClJ - 

w"h a microchange of the frec^ ~ V' 

acoustic wave. Such an cscQiadcn an^ ^called f 

Uted and the converge^^ 
mg angle 0 changes in ai-cst proen-W " c ; 
quency ot the surface acoustic wave, bV- f.^'l T 
frecueccy , r accordance w--- i...' - " 1 1 thc 
amount, the converged S?C t =t- e ~° r 
tioned onto the information t.-ck" ' PCSI " 

^Ib- 0pCr3don 0f thc °? ti=lj IIW.5 of r>- 

e=ibodu=e.-.t constructed as show- :- rfr. ic 

be described hereinbeiow F^f d£ ^ 

""ridge 2 is the second ootid d£ '"^ 

troller 22 ^ ^ cons^ntv^^^ " 

out 85 so as to set the output v 0 b : 

output voltage V wo f , he frjekins -W^I:^* 

& - uv - so cr.angcs i r r u / f -/* 

signal in accordance w ith u,e Z^^y™^ 
optical disc apparatus has bee., dcsigr^Ta ^an^! 
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such that the signal of a frequency GC— r t > is generated 
when V 0 =V 1 and the signal of a frequency f,(=f 2 ) is 
generated when V 0 = V 2 and the frequency f, changes in 
proportion to the input voltage V 0 . Therefore, the V/f 
convening circuit 86 supplies a high-frequency signal of 
the frequency f 2 to the SAW driving circuit 87. The 
SAW driving circuit 87 applies a high-frequency volt- 
age of the frequency f 2 to the SAW transducer 91 of the 
eighth opticaJ head 90. In the eighth optical head 90 
consequently, the laser beam is emitted from the fourth 
converging grating coupler 97 and is converged with- 
out an aberration onto the information track oc the 
second optical disc. At the same time, in the eighth 
optical head 90, the reflected light from the disc is de- 
tected by the third photo detector 95. A tracking error 
signal is supplied to the tracking error detecting circuit 
100. A focusing error signal is supplied to the focusing 
control circuit 13. The information signal is sucplied to 
the spindle control circuit 17 and the signal processor 2 
circuit 19. Toe tracking error detecting circuit 100 pro* 
duces the tracking error voltage Vj^ in accordance 
with a track deviation amount of the converged soot on 
the information track 200 and supplies to the adder 101 
The adder 101 sends the output voltage V 0 = V 2 -V~- 
to the V/f converting circuit $6 as mentioned above In 
accordance with the output voltaee V* the output 
signal frequency f, of the V/f convening circuit U is 
deviated from the frequency f 2 by a value correspond- 
ing to the tracking error (assumes d,}. As mentioned 
above, wnen the frequency of the driving voltage to the 
SA\V transducer 91 changes, the emitting position of 
the ugnt from the fourth converging grating courier 97 
changes and the pesiden of the converged soot on th- 
optical disc 1 changes for the track. Therefore, bv sea- 
ting a convening ecuadon between V 0 and f, of she V/f 
convening circuit Z6 so as to allow the conve-gsd scot 
on the opticaJ disc 1 to approach the track, the tracking 
error is eliminated. The other operations are execute- 4 in 
a manner similar :o these of the optica] disc apparatus* Li 
the seventh embodiment. 

On the other hand, in the case of the firs: optical d : sc 
the system controller 22 controls the constant vcitas- 
generating circuit 85, thereby seeling the outsu: voltai- 
V f -mto V,. Thus, the V/f converting circuit $6 gene-" 
c ? * ^'Sh-frequcncy signal of the frequency f, to the 
SAW dnvmg circuit 87 and the SAW driving circuit 87 
applies a high-frequency voltage of the frecucnev f, f Q 
the SAW transducer 91 of the eighth optical head 90 
Consequently, in the eighth optical head 90, the lase- 
bearn ;s emined from the third converging grating cou'. 
pier 96 and is converged ^-ithout an aberration cr'o th- 
uiiorma-on track 2O0 on the firs; ooticai disc. A> -he 
sane oae, the tracking error detecting circuit ICO 
supplies the tracking error voltage V-to the adde- 101 
from the input signal Tj. Tne input voltage cf th- V/f 
convert- g circuit $6 is set to V'o^V^v-^ ^ ch- 
tracking error can be eiLminaced in a manner limiiar to- 
the case of the second optical disc. 
_ FIG. 17 is a graph showing the principle cf Lhe track- 
wg control of the embodiment and shows the relations 
among the V 0 and f, and the deflection anzie of th- 
waveg-de light in the eighth opticai head 90. As shown" 
in the graph, by varying the V 0 and f,bv 0 c!v an amcu- 
wnicn :s proportion*- to the tracking error'sigr.ai frcra 
V lf acccrGingiy. f t as a center in the case cf the first 
opticai disc or by oniy an amount which is propor.iona' 
to the tracking error signal from V : , according'-*, f 2 as 
a center in the case cf the second optical disc, the oscil- 



